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Abstract: A permanent tidal station was installed at the Chinese Zhongshan Station in Feb. 2010. Harmonic 
constants of 170 tidal constituents were obtained from harmonic analysis of the first year' s data. The results of 
the eigbt main constituents sbowed good agreement with those of two tidal models. Tidal characteristics , such 
as tide type, diurnal inequality, tidal range, and water levels were also analyzed. 
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1 Introduction 
Tidal data is essential for studying sea-level change[1-•1 , 
which is one of the most important consequences of 
global climate change ; it is also vital for modeling the 
global ocean tides['] , which plays a key role in geo-
physical corrections for the satellite-altimetry sea lev-
el [s] . There are few tide-gauge stations in the southern 
ocean around Antarctica. Long-duration tide measure-
ments in critical data-sparse areas are required to im-
prove the performance of the data-assimilation mod-
el ['I. Few studies have been done because of the lack 
of tide data in Antarctica. Sun [ 101 analyzed tidal char-
acteristics of the Great Wall Station at the King George 
Island, West Antarctica based on one-year tide data 
from March 1987 to February 1988. 
This study focuses on the tide characteristics of Pry-
dz Bay, based on the 365 -day tide gauge data recorded 
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from March 1 , 2010 to February 28, 2011. 
2 Data source and pre-processing 
A permanent tide gauge station was installed at the 
Chinese Zhongshan Station in Prydz Bay, East Antarc-
tica in February, 2010[n]. The location of the tide 
gauge, 69°22'11.5"S and 76° 22'19.4" E(Fig. 1), 
was carefully selected to avoid moving icebergs and for 
convenient access to power supply. The instrument was 
a bottom-pressure tide gauge supplied by the Aanderaa 
company , which had three transducers to measure 
pressure(P), temperature( T) and conductivity( C), 
respectively. The sampling interval was set at one mi-
nute. As shown in table 1, there were five channels in 
the gauge to output raw data, which were five integers 
N1 - N5. N1 sbows whether the gauge was working 
well (value 207 means the data is valid) ; N2 presen-
ted water temperature T; N3 and N4 could be conver-
ted to total pressure P, and conductivity C may be cal-
culated from N5. The uniform formula for the calcula-
tion of the three parameters was 
Y = A + BN + CN2 + DN' ( 1) 
in which Y presents P, T, C, respectively, N presents 
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Figure 1 Asterisk shows the location of the Zhongshan 
Station in Prydz Bay, East Antarctica 
N2 , NP, N5 , respectively, NP should be calculated 
from N3 and N4 by formula ( 2) . The coefficients A , 
B , C , and D for each element are list in table 2. 
Np =N3 X 1024 +N4 (2) 
Additional processing was needed to obtain the true 
sea-level height from the measured parameters ( P, T, 
C). The conductivity was converted to salinity first and 
then the density of sea water p was calculated by 
the seawater state equation[lll. The sea level height was 
finally calculated by the hydraulic formula 
h = 
(P- P.) 
pG (3) 
in which P is the total pressure , P. is air pressure at 
mean sea level recorded by the meteorological station at 
Zhongshan Station , p is the density of sea water , G , 
whose value is 9. 82572573 m/s2 , is the gravity accel-
eration of Zhongshan Station measured by absolute 
gravity measurement. The precision of the tide height 
was approximately better than two millimeters because 
the pressure sensor' s calibration accuracy was 0. 02% 
of full scale, which is always less than 6 meters. 
The calculated sea-level-height data were carefully 
checked before further analysis. Abnormal fluctuation 
were found during 12 days in the analyzed time do-
main , which must be deleted for this study. Figure 2 
shows the fluctuation ( left) and the result after dele-
ting the abnormal measurements ( right) on June 23 , 
2010, as an example. This kind of abnormality may 
possibly have been caused by the tsunami as a result of 
an earthquake or certain iceberg input to the sea from 
the Dark Glacier 4 km to the southeast of Zhongshan 
Station ( Fig. 1 ) . 
Table 1 Raw data from tide-gauge and sea-level height values 
Time N1 N2 N3 N4 N5 T('C) c p SL ( yy-mm-dd Thh: mm) (mmho/cm) (kPa) (m) 
2010-03-19100 :00 207 35 666 488 366 -1.78987 26.27634 145.4771 4.461 
2010-03-19100 :01 207 34 666 472 366 -1.82572 26.27634 145.3853 4.453 
2010-03-19100 :02 207 34 666 476 367 -1.82572 26.34933 145.4082 4.455 
2010-03-19100 :03 207 34 666 485 366 -1.82572 26.27634 145.4599 4.460 
2010-03-19100 :04 207 34 666 455 367 -1.82572 26.34933 145.2877 4.443 
Table 2 Coefficients in equation ( 1) according to the gauge-calibration sheet 
y A B c D 
Temperature -3.054 3.641x10-2 -8. 746 X 10 -6 1.149 x 10-s 
Pressure -4.779189 X 103 8. 653580 X 10 -3 -2.052078 X 10"9 -7.980398 x 10" 17 
Conductivity -4.380 x 10·1 7.299 X 10"2 0 0 
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Figure 2 F.luctuations in mw eea-level data on June 23. 2010 (left). and after deletion (right). 
3 Results 
3.1 Tide models of the Southern Ocean 
Several models of tides have been developed for the 
Southern Ocean, and they become more and more 
precise because data-assimilation approach has been a-
dopted. Padman et al [!IJ described a model which used 
data assimilation to improve its fit to available data for 
the seas surrounding Antarctica. In 2005 King and 
Padman £131 presented an precision assessments for the 
tide models and concluded that the optimum tide model 
for Antaretica was TPX06. 2, which had been updated 
to TPX07. 2 recently ( http://volkov. oce. orst. edul 
tides/ global. html) . To take a look at the ocean tide in 
the Southern Ocean, we calculated the harmonic con-
stants for the entire circum-Antarotic seas to 40°S at a 
resolution of 0. 5° x 0. 5°. Figure 3 shows the map of 
the sea-smface-height amplitude ( m) of the four main 
constituents M2, 52, K1, 01 from model TPX07. 2. 
As shown in figure 3, there was a M2 amphidromic 
point( -66°30', 58° 16') to the west of Zhongshan 
Station. 
We also calculated the RMS tide height which is de-
fined as the standard deviation of the modeled tidal-
height fi.elds summed over the eight main tidal constitu-
entsM2, 52, N2, K2, K1, 01, P1, andQl. The(.,. 
value is given as a function of poeition ( 8, f1) by 
where H,. is the height amplitude of the nth tidal coefli-
cient. The map of RMS-tide height is plotted in figure 
4. The RMS-tide height for Zhongshan Station was 
0.500 m. 
3. 2 Harmonic constants 
The harmonic constants of the main tidal constituents 
and the type of tide at Zhongshan Station have been 
reported by Huang Jifeng et al [ttl. In this paper, all 
the harmonic constants of 170 constituents obtained by 
harmonic analysis of the first year ' s data are list in 
table 3. 
The calculated harmonic constants of the eight main 
constituents were compared with those from two tidal 
models TPX07. 2 and CADA10. Good agreement be-
tween measured results and the models can be seen in 
table 4. 1he ctifl'erence of amplitude ranges from 0. 1 em 
to 0. 8 em and 0. 1 em to 1. 8 em for TPXO and CA-
DA, respectively. The results show that TP.XO works a 
little better than CADA in Prydz Bay. Not only the 
tide-gauge data could be used to validate the tide mod-
els , but also the measured results could be assimilated 
into the tidal models to improve their precision ['1 , 
which may contribute to a range of precise satellite re-
mote sensing missions Cl3J. 
The ratio of amplitude between main diumal constit-
Hn +Hot 
uents and main semi -diurnal, 1l , is 2. 78 , 
1112 
which indicates that the tide type of Zhongshan Station 
was irregular diumal tide according to Chinese criterion 
for tide type determination £141 • Any day that has two 
high-low tides and one tide ranges being much smaller 
than any other one is considered as diurnal-tide day. 
The tide types are listed in table 5 , which shows that 
May and January had the most number of diurnal-tide 
10 
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Figure 3 Maps of sea-surface-height amplitude ( m) of M2, S2, Kl , 01 from TPX07. 2. 
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days , whereas March and August had the least. There 
were 237 days which are diurnal-tide days in the whole 
year, about 65% of the total. 
3. 3 Diurnal inequality 
There were 240 days that had two high-low tides, but 
only 84 days might be regarded as semi -diurnal tide 
days ( table 5) . This is because diurnal inequality was 
more noticeable. According to the calculated harmonic 
constants, the phase difference between the main diur-
nal constituent Kl and the main semi -diurnal constitu-
ent M2 is 193° and 159°for 01 and M2, respectively. 
As shown in figure 5 , the inequality grows as the lunar 
declination increases , and this is noticeable for both 
high tide and low tide. 
Figure 4 RMS tide height ( C u ) for Southern Ocean. The 
value near Zhongshan Station is approximately 0. 5 
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Table 3 Tbe harmonic constants of 170 constitueots from bannonic aoalysis of the first year' s data 
Constituent 
Sa 
Ssa 
(3) 
(4) 
Mm 
(6) 
MS, 
M, 
(9) 
Mn 
(II) 
(12) 
( 13) 
(14) 
2Q, 
p, 
o.ssa_ 
0 1Sa_ 
o, 
0 1Sa+ 
MP, 
v, 
M, 
P, 
s, 
K, 
"'' 
"'' o, 
J, 
2PO, 
so, 
oo, 
KQ, 
2MN2S, 
2NS, 
3M2S, 
OQ, 
Amplitude 
(em) 
9.71 
4.91 
s. 7 
24.32 
21.29 
16.69 
I. 18 
3.24 
6.61 
7.01 
0.24 
1.23 
3.68 
4.49 
1.58 
1.21 
0.81 
7.33 
I. 18 
2.49 
0.24 
0.53 
28.34 
0.23 
0.35 
0.52 
I. 96 
0.78 
0.59 
8.68 
1.07 
27.51 
0.11 
0.6 
0.67 
I. 71 
0.12 
0.36 
0.59 
0.72 
0.35 
0.33 
0.05 
0.34 
Phase 
( deg. ) 
41.9 
344.4 
53 
299.8 
332.8 
183.1 
lSI. I 
222.7 
73 
92.9 
60.7 
30 
80.7 
191.9 
199.7 
205.6 
191.6 
217.9 
182.4 
226.8 
100.6 
118.2 
245.7 
296.4 
234.5 
113.3 
5.4 
185.7 
299.2 
277.1 
260.1 
279.5 
77.4 
270.2 
232 
281.5 
193.3 
316.2 
299 
1.3 
272.9 
39.2 
330.1 
204.3 
No. 
45 
46 
47 
48 
49 
so 
51 
52 
53 
54 
ss 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
Constituent 
MNS, 
MNK2S, 
2MS2K, 
2N, 
p, 
SNK, 
NSa 
N, 
NSa+ 
v, 
2KN2S, 
OP, 
MSa 
M, 
MSa, 
MKs, 
M2(KS), 
2SN(MK), 
A, 
L, 
2SK, 
T, 
s, 
R, 
K, 
MSN, 
KJ, 
2KM(SN), 
2SM, 
SKM, 
2SN, 
SKN, 
MQ, 
M03 
2MP3 
M, 
so, 
MK, 
2MQ, 
SP3 
SK, 
K, 
2MNS, 
3MK, 
Amplitude 
(em) 
0.56 
0.36 
0.06 
I. 37 
1.19 
0.12 
0.39 
6.14 
0.53 
I. 74 
0.26 
0.21 
0.14 
20.1 
0.08 
0.21 
0.13 
0.25 
0.09 
I. 33 
0.18 
1.6 
18.08 
0.1 
5.05 
0.36 
0.69 
0.29 
0.29 
0.24 
0.35 
0.34 
0.26 
0.43 
0.27 
1.53 
0.23 
0.42 
0.42 
1.06 
0.94 
0.14 
0.13 
0.06 
Phase 
( deg.) 
59.7 
38.4 
19.6 
107.8 
135.8 
92.2 
94.3 
138.7 
101.9 
138.8 
142.8 
87.3 
258 
186.4 
300 
302.3 
292.5 
188.3 
298.2 
275.4 
339.2 
292.5 
312.5 
221.2 
317.7 
342.6 
185.6 
7.5 
32.9 
59.8 
72.2 
87.3 
98.1 
281.4 
85.6 
227.1 
325.2 
133.4 
173.5 
180.2 
207.7 
222.9 
287.6 
61.8 
11 
12 
Table 3 Continued 
No. 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 
100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
110 
111 
112 
113 
114 
115 
116 
117 
118 
119 
120 
121 
122 
123 
124 
125 
126 
127 
128 
129 
Constituent 
3MS4 
MSNK, 
MN4 
Mv 4 
2MSK4 
M, 
2MKS4 
SN4 
3MN, 
2SMK4 
MT4 
MS4 
MK, 
2SNM4 
2MSN4 
s, 
SK, 
2SMN4 
3SM4 
2SKM4 
MNO, 
2MO, 
3MP, 
M, 
2MP, 
2MK, 
MSK, 
KKM, 
2(MN)S6 
3NKS, 
2NM6 
2NMKS, 
2MSNK, 
2MN6 
2MNKS6 
3MSK, 
M, 
MSN, 
MKN, 
MKv, 
2MS6 
Amplitude 
(em) 
0.1 
0.11 
0.27 
0.25 
0.19 
0.25 
0.14 
0.18 
0.18 
0.09 
0.13 
0.12 
0.13 
0.13 
0.19 
0.12 
0.08 
0.17 
0.11 
0.09 
0.06 
0.09 
0.13 
0.11 
0.09 
0.09 
0.06 
0.09 
0.16 
0.04 
0.19 
0.09 
0.13 
0.21 
0.07 
0.08 
0.55 
0.05 
0.07 
0.1 
0.47 
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Phase 
( deg. ) 
81.2 
353.7 
13.2 
49 
338.1 
124.8 
186.7 
104.2 
145.2 
253.8 
176.2 
223.2 
281.5 
195.5 
240.6 
333.3 
339.1 
332.6 
96.3 
100.5 
335.6 
173.8 
345.9 
44.5 
251.2 
86.7 
220.3 
182.8 
200.4 
15.1 
304.6 
334.4 
238.2 
8.5 
284 
32.5 
98.9 
77.1 
285.3 
56 
225.5 
No. 
131 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 
142 
143 
144 
145 
146 
147 
148 
149 
150 
151 
152 
153 
154 
155 
156 
157 
158 
159 
160 
161 
162 
163 
164 
165 
166 
167 
168 
169 
170 
Constituent 
2SN, 
NSK, 
MKL,; 
2SM6 
MSK, 
s, 
2SK, 
2MN07 
2NMK, 
M, 
2MS07 
MSK07 
2(MN) 8 
3MN, 
3MNKS8 
M, 
2MSN8 
2MNK8 
3MS8 
3MK, 
MSNK, 
2(MS), 
2MSK, 
2M2NK, 
3MNK, 
4MK, 
3MSK, 
4MN10 
M., 
3MNS10 
4MS10 
2(MS)N10 
2MNSK10 
3M2S10 
4MSK11 
M., 
4MNS., 
5MS12 
3MNKS, 
4M2St2 
Amplitude 
(em) 
0.08 
0.16 
0.23 
0.12 
0.13 
0.15 
0.32 
0.02 
0.1 
0.05 
0.08 
0.09 
0.11 
0.03 
0.01 
0.06 
0.04 
0.04 
0.07 
0.06 
0.02 
0.09 
0.08 
0.07 
0.03 
0.1 
0.11 
0.06 
0.12 
0.02 
0.14 
0.03 
0.02 
0.11 
0.1 
0.12 
0.04 
0.07 
0.03 
0.1 
Phase 
( deg.) 
119.9 
109.9 
333 
298.8 
296.3 
103.8 
346 
35 
212.2 
293.2 
157.3 
267.8 
201.4 
102 
235 
4.4 
245 
310.4 
67.1 
95 
53 
156.5 
195.3 
131.4 
17.4 
273 
348.2 
228.4 
246.9 
314.6 
355.9 
147.1 
121.8 
79.5 
265.6 
141.3 
242.4 
257.5 
334.5 
357.5 
Vol.4 
No.I 
Amplitude 
(em) 
Phase 
( deg. ) 
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Table 4 Comparison of the barmooic constaots between the models aod the measured results 
Hannmric constants 
Measured 
TPX07.2 
CADA10 
TPXO - measured 
CADA - measured 
Measured 
TPX07.2 
CADA10 
TPXO - measured 
CADA - measured 
M2 
20.1 
20.3 
19.0 
0.2 
-I. I 
186.4 
210.7 
216.1 
24.3 
29.7 
S2 
18.1 
17.8 
18.0 
-0.3 
-0.1 
312.5 
315.3 
324.6 
2.8 
12.1 
N2 
6.1 
6.6 
6.4 
0.5 
0.3 
138.7 
174.3 
173 
35.6 
34.3 
K2 
5.1 
5.8 
5.7 
0. 7 
0.6 
317.7 
310.8 
320.6 
-6.9 
2.9 
Table S Tidal type of eacb month 
Kl 
27.5 
28 
26.0 
0.5 
-1.5 
279.5 
281.3 
286 
1.8 
6.5 
01 
28.3 
28.2 
27.7 
-0.1 
-0.6 
245.7 
269 
276 
23.3 
30.3 
PI 
8.7 
8.6 
10.5 
-0.1 
1.8 
277.1 
282.2 
277 
5.1 
-0.1 
Year 2010 2011 
Ql 
7.3 
6.5 
7.9 
-0.8 
0.6 
217.9 
261.6 
257 
43.7 
39.1 
13 
Average Total 
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Lunar Declination 
Figure 5 Tide curve during April II -18, 2010 
Table 6 Monthly average duration of rising and falling tide (Unit: hour) 
Year 2010 2011 
Avemge 
Month 3 4 5 6 7 8 9 10 11 12 2 
Durationofrisingtide 6.24 6.65 8.61 8.26 7.90 7.25 6.72 6.37 7.92 8.05 8.24 7.16 7.37 
Durationoffallingtide 7.03 6.68 6.91 7.77 8.13 7.65 7.40 6.47 6.77 7.71 8.27 7.80 7.34 
Rising - falling -47 -2 102 29 -14 -24 -41 -6 69 20 -2 -38 2 
3. 4 Duration of rising and falling tide 
The average duration of rising tide was 7 hours and 22 
minutes , whereas that of falling tide was 7 hours and 
20 minutes, with a 2-minute difference. As shown in 
tahle 6 , the four months of rising tide being longer than 
that of falling tide were May, June, November and De-
cemher. The maximum difference between rising and 
falling duration occurred in May, and it is 1 hour and 
42 minutes. 
3. 5 Tidal range 
Tidal range is one of the most important characteris-
tics , which may indicate the tide strength in the study 
14 Geodesy and Geodynamics Vol.4 
area. 
3. 5.1 Average tide range 
In Prydz Bay, the average tidal range in the study peri-
od was 0. 799 m. The maximum monthly average tide 
range was 0. 94 m in January and the minimum was 
0. 666 m in October, the difference being 0. 274 m. 
Figure 6 shows the seasonal variation of the observed 
tide range. We can see that the monthly average tide 
range was bimodal with two maxima in July and January 
and two minima in April and October. 
3. 5.2 Maximum tide range 
The two monthly maximum tide ranges were 1. 839 m 
in May and 1. 694 min October. 
As shown in figure 6, the monthly maximum tide-
range curve was also bimodal, with two maxima in May 
and October and two minima in August and January, 
being in opposite phase to the monthly average-tide 
range. 
3. 6 Water levels 
3. 6. 1 Average water level 
In the study period , the yearly average sea level was 
4. 466 m. The monthly average water level showed a 
remarkable seasonal variation. The maximum monthly 
average water level was 4. 578 m in June and the mini-
mum is 4. 386 m in November, the difference being 
0. 192 m. As shown in figure 7 , the monthly average 
water level in the winter half year ( from May to Octo-
ber) was 4. 497 m, which was 0. 062 m higher than 
that of the summer half year (from November to April) 
4. 435 m . The amplitude of the variation in the winter 
:§: 
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Figure 6 Seasonal variability of the tidal range 
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Figure 7 Seasonal variation of water levels in 
the study period 
from 2010 to 2011 
half year was 0. 159 m, which was 0. 064 m more than 
that of the summer half year ( 0. 095 m) . 
3. 6. 2 Average bigh and low tides 
The yearly average high tide was 4. 865 m, which was 
0. 399 m higher than the yearly average sea level, and 
the yearly average low tide was 4. 057 m, which was 
0. 409 m lower than the yearly average sea level. The 
maximum monthly average high tide was 5. 001 m in 
June and the minimum was 4. 735 m in October, the 
difference being 0. 266 m, 
The maximum monthly average low tide was 4. 152 
m in June and the minimum was 3. 955 m in January, 
the difference being 0. 197 m. 
3. 6. 3 Extremum sea levels 
The maximum sea level was 5. 680 m, which occurred 
at 08 : 39 on May 16, 2010, and the minimum was 
3. 422 m at 02 : 53 on November 6, 2010, with a 
height difference of 2. 258 m. 
4 Conclusions 
1 ) The harmonic constants calculated from the tide 
gauge measurements are important to validate available 
tidal models , and they can also be assimilated into the 
models to improve their accuracy. 
2) The tide type at the Zhongshan Station in Prydz 
Bay was irregular diurnal tide. 
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3 ) There is a notable tide inequality; and the ine-
qualities of both high tide and low tide were remarka-
ble. 
4) Although a difference between the annual average 
duration of rising and falling tide was negligible , the 
monthly average duration difference showed clear varia-
tions with two maxima in May and November and two 
minima in March and September, being highly correla-
ted with the diurnal-tide days during each month. 
5 ) The annual average tide range was 0. 799 m and 
the maximum was 1. 839 m during the study period. 
6) The annual average sea level was 4. 466 m. The 
maximum was 5. 680 m at 08 : 39 on May 16, 2010 
and the minimum was 3. 422 m at 02 :53 on November 
6, 2010, with a height difference of 2. 258 m. Com-
pared with the summer half year, the average water 
level in the winter half year was higher with larger vari-
ation. 
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